Introduction
============

Postoperative nausea and vomiting (PONV) is one of the most common complaints following operations and anesthesia. PONV is the main factor for decreased patient satisfaction and can cause delayed recovery. Moreover, although rare it can result in morbidity such as wound dehiscence, pulmonary aspiration, dehydration, and esophageal rupture. Factors that reportedly affect the incidence of PONV include female sex, non-smoker, history of PONV, motion sickness, lengthy surgical duration, inhalational anesthetics, nitrous oxide, intra-operative and post-operative use of opioids. In addition, severe anxiety prior to surgery, the type of surgery, intra-operative fluid therapy, and increased duration of anesthesia. also affect the incidence of PONV \[[@B1]\]. Female gender, motion sickness, history of PONV, non-smoker, and post-operative use of opioids are known to be the most predictive factors among all the factors. If no risk factors are present, the incidence of PONV is about 10%. However, the incidence of PONV has been reported to rise to 21, 39, 61%, and 79% as the risk factors increase one by one \[[@B2]\].

5-HT3 receptor antagonists have been used since they were first proven to be highly effective in preventing postoperative nausea and vomiting \[[@B3]\]. Palonosetron is the most recently developed 5-HT3 antagonist and its efficacy was first proven in the prevention of chemotherapy induced nausea and vomiting (CINV). It is a second-generation 5-HT3 antagonist and has a different chemical structure and a longer half-time (about 40 hours) compared to other 5-HT3 antagonists such as ondansetron, dolasetron, and granisetron \[[@B4]-[@B7]\].

Palonosetron (0.075 mg) was proven to be effective in early PONV (0-24 hours postoperatively) and in delayed PONV (24-72 hours postoperatively). When it comes to early PONV prevention, palonosetron is known to reduce the incidence of PONV by 20% to 30% compared to antiemetics such as ondansetron, dexamethasone, and droperidol \[[@B8]\]. Combination drug therapy, which uses the 5-HT3 receptor antagonists and one of dexamethasone, droperidol or promethazine for high-risk groups, significantly reduces the incidence of PONV compared to monotherapy \[[@B9],[@B10]\]. The combination of dexamethasone with one of ondansetron, dolasetron, granisetron or tropisetron reduce the incidence of PONV in high-risk groups, and it does not lead to prolonged QT intervals on the EKG or torsades de pointes, proving its safety \[[@B9],[@B11]\].

However, there are no studies regarding the efficacy of the combination of palonosetron with dexamethasone as opposed to its monotherapy. As a result, in this study, we compared the efficacy of combination therapy and monotherapy in preventing PONV.

Materials and Methods
=====================

This study protocol was approved by the institutional review board and informed written consent was obtained from the patients. This study targeted female patients with American Society of Anesthesiologists physical status 1-2, who were aged 18-60 years, and were scheduled to undergo laparoscopic gynecologic surgery, mastoidectomy with tympanoplasty or thyroidectomy.

There was no significant difference in age, postoperative nausea and vomiting, or motion sickness, medical history, smoking history, types of surgeries, and duration of anesthesia between the two groups ([Table 1](#T1){ref-type="table"}). We included patients with two risk factors or more, among which were female gender, nonsmoking status, history of PONV, and/or motion sickness, according to the suggestion by Apfel et al. \[[@B2]\]. Patients who asked for patient controlled analgesia using opioids were excluded. Patients with difficulties in receiving intubation, pregnant women, patients with psychiatric disorders, patients who were clinically ill with intestinal disease, and patients who took antiemetic drugs 24 hours preoperatively were also ruled out. In cases where unexpected blood loss occurred, laparoscopy was converted to a laparotomy, or open surgery, and were excluded. We targeted patients transferred to a ward from a postanesthesia care unit, and ruled out patients transferred to an intensive care unit after surgery, patients who underwent day surgery, and patients who were not able to communicate.

Patients were kept fasting for eight hours on the day of surgery and were administered glycopyrrolate (0.2 mg) via intramuscular injection 30 minutes prior to surgery as a premedication. They were randomly allotted to group P and group C. Patients in group P were administered palonosetron (0.075 mg) five minutes before anesthesia and patients in group C were administered both palonosetron (0.075 mg) and dexamethasone (4 mg) via intravascular injection. The total volume of medication increased to 3 ml by diluting them with normal saline, and it was intravenously injected into the patients.

Anesthesia in all groups was induced with lidocaine (40 mg) and propofol (2 mg/kg) via IV and intubation was performed with rocuronium (0.6 mg/kg) via IV, and anesthesia was maintained by sevoflurane, using air (2.5 L/min) and oxygen (1.5 L/min). End tidal carbon dioxide partial pressure was maintained at 35 ± 3 mmHg and the patient\'s pulse rate and blood pressure was sustained within 20% of previously recorded numbers. During surgery, Hartmann\'s solution was injected at a regular pace (10 ml/kg/hr) via IV infusion.

With injection of pyridostigmine and glycopyrrolate at the completion of the surgery, we counteracted the effect of the muscle relaxant. Patients who had scores of 50 or more out of 0-100 mm on the Visual Analogue Scale were intravenously injected with 30 mg of ketorolac in an attempt to control pain. We injected ondansetron (4 mg) via IV for patients who complained of nausea more than twice or vomited within 15 minutes after the completion of surgery.

Nausea was defined as an unpleasant sensation associated with the urge to vomit, and vomiting was defined as the case when the gastric contents were thrown up into the mouth by passing through the esophagus and pharynx, and retching was defined as the reverse movement of the stomach without vomiting. We evaluated PONV by using the Rhodes index (Rhodes index of nausea, vomiting and retching, RINVR), which was standardized by Rhodes, the 0-100 mm VAS score, and the complete response (no postoperative nausea and vomiting, and no requirement for rescue antiemetics) at the time of 2 hours and 24 hours after the extubation.

We obtained the RINVR score after assessing the postoperative nausea and vomiting using the Rhodes questionnaire ([Table 2](#T2){ref-type="table"}). The paper had eight questions on a scale of 0-4 with one being the lowest level without any symptoms related to nausea and vomiting and four being the highest level.

PONV was assessed by RINVR total experience scores shown in [Table 2](#T2){ref-type="table"}. Scores of 1-8, 9-16, 17-24, and 25-32 were categorized as mild, moderate, great, and severe, respectively \[[@B12]\]. An anesthesiologist who was not related to this survey and did not know the subjects recorded the Rhodes index, 0-100 mm VAS score, and complete response on the questionnaires at the ward during the allotted time in order to assess PONV.

We assumed that complete response would occur in 43% based upon the study result in which the complete response for PONV was 43% after a single injection of palonosetron \[[@B13]\], and postulated that the complete response for the combination of palonosetron with dexamethasone would be 70%. According to the assumptions, we identified the subjects we needed for the study. In α = 0.05, (1 - β) = 0.8, 41 patients in each group who showed more than a 25% difference in complete response between the monotherapy with palonosetron and the combination therapy with palenosetron and dexamethasone were required.

We used GraphPad Prism (version 5.00 for Windows, GraphPad Software, San Diego California, USA, www.graphpad.com) for statistical analysis and marked all scorers with the median ± standard deviation. The frequency was marked with % (the number of the patients). Parametric scores such as age, weight, height, and duration of anesthesia in each group were analyzed by student\'s t-test, and non-parametric scores such as patients\' characteristics and medical history were assessed by the Mann-Whitney test. We utilized a chi-square test and Fisher\'s exact test, when comparing the incidence of PONV and the complete response rate between the two groups. A P value of \< 0.05 was considered statistically significant.

Results
=======

This study was carried out with a total of 84 patients. The incidence rate of PONV two hours after surgery was 7.3% (three persons) in group P, and 11.6% (five persons) in group C. The incidence of PONV was 2.4% (one person) in group P, and 4.7% (two persons) in group C from 2-24 hours postoperatively. There was no significant difference in terms of the incidence of PONV between the two groups ([Table 3](#T3){ref-type="table"}).

As far as vomiting, the VAS score also did not have any significant difference between the two groups over 24 hours postoperatively ([Table 4](#T4){ref-type="table"}). The complete response was 90.2% (37 persons) in group P, and 86% (37 persons) in group C over 24 hours postoperatively with no meaningful statistical difference ([Fig. 1](#F1){ref-type="fig"}).

Discussion
==========

In this study, the combination of palonosetron with dexamethasone did not significantly reduce the incidence of PONV over 24 hours postoperatively compared to monotherapy with palonosetron (group C versus group P: 14% versus 9.8%).

Henzi et al. \[[@B11]\] compared the combination of dexamethasone with 5-HT3 receptor antagonists (ondansetron or granisetron) to the monotherapy of 5-HT3 receptor antagonist. They reported that the occurrence of nausea was 4% and 11% over 6 hours postoperatively, and the occurrence of vomiting was 2% and 7%, respectively. In addition, the occurrence of nausea during 6-24 hours was 28% for the combination therapy and 41% for the monotherapy, and the occurrence of vomiting was 23% and 35%, respectively, reporting a significant difference. Ramosetron and dolasetron, as well as ondansetron or granisetron, are known to be effective in preventing PONV when used in combination with dexamethasone \[[@B14],[@B15]\]. The mechanism for antiemetic effects remains unclear, but it is postulated that antiemetics inhibit the secretion of prostaglandin synthesis and endogenous opioids, resulting in a central antiemetic effect \[[@B11]\]. However, in this study, the combination of palonosetron with dexamethasone did not show a considerable difference compared to monotherapy with palonosetron. In this regard, we postulated that monotherapy with palonosetron was fully effective in preventing PONV.

In contrast, another study showed that the combination of dexamethasone with a 5-HT3 receptor antagonist resulted in more headaches, dizziness, drowsiness, sedation, constipation, and muscle pain compared to monotherapy with 5-HT3 receptor antagonist \[[@B11]\]. In that study, only one patient receiving the combination therapy complained of nausea and vomiting along with dizziness. However, the patient complained of dizziness while rising to their feet from the sitting position, which made it difficult to determine if dizziness was associated with the combinatorial use of dexamethasone. In addition, we were not certain whether nausea and vomiting were caused by dizziness or PONV. Palonosetron was reportedly effective in preventing CINV at an acute (1-24 h) phase and a delayed (24-120 h) phase as opposed to the previously developed 5-HT3 receptor antagonist. The delayed phase CINV is associated with substance P acting on the NK-1 receptors, and it was reported that NK-1/5-HT3 crosstalk triggers the efficacy of palonosetron \[[@B16]\]. Palonosetron is known to be effective at a delayed phase of PONV \[[@B8]\], and it is thought to be interactive with other factors like NK-1/5-TH3 as well as had a lengthy half-life. In this study, the effect of palonosetron was only evaluated at an acute phase of PONV over 24 hours postoperatively, and a comparative analysis was not made between the monotherapy and the combination therapy at the delayed phase of PONV.

In this study, we excluded patients who had two or more risk factors of PONV suggested by Apfel and who had received surgeries known to increase the risk of PONV such as laparoscopic gynecologic surgery, mastoidectomy with tympanoplasty or thyroidectomy \[[@B1]\]. Despite the exclusion, the complete response for antiemetic drugs (the monotherapy with palonosetron and the combination therapy with it) were high in group P: 90.2% (37 persons) and group C: 86% (37 persons). Kovac et al. reported that the complete response for PONV was 56% in patients injected with palonosetron (0.075 mg) over 24 hours postoperatively, and it reportedly was 43% in studies conducted by Candiotti and others \[[@B13],[@B17]\]. A lower incidence of PONV in this study compared to studies conducted by Kovac and Candiotti et al. seemed to be associated with the different anesthesia, and the different frequency of opioid use and so on. We did not utilize nitrogen dioxide in this study, while Kovac et al. and Candiotti et al. used 50% nitrogen dioxide, which increases the likelihood of PONV along with inhalation anesthetic, when maintaining anesthesia. Forty-five percent of the patients in the research conducted by Kovac et al. were postoperatively injected with opioids, but only 20% of the patients were injected with opioids postoperatively in this study. In addition, the difference in race between the various study subjects could be one of the factors that influence the complete response for PONV. Reitze et al. \[[@B18]\] reported that black South Africans have a lower risk of PONV compared to other races, and claimed that further research regarding the linkage between races and the frequency of PONV should be conducted. As a result, we can assume that there might be a difference in the incidence of PONV between our study and their research which targeted western people.

In this study, Hartmann\'s solution was administered at a regular pace (10 ml/kg/hr) via IV in order to equalize one of the factors that could affect the incidence of PONV. Yoon et al. \[[@B19]\] reported that there was no significant difference in the incidence of PONV between the group injected with a small volume of fluid (6 ml/kg/hr) and the group injected with a large volume of fluid (18 ml/kg.hr). Otherwise, in a study conducted by Magner et al. \[[@B20]\], patients receiving laparoscopic gynecological surgeries were divided into two groups according to the volume of Hartmann\'s solution: a group with a large volume of solution (30 ml/kg) and a group with a small volume of solution (10 ml/kg). The results showed that a large volume of fluid injection considerably reduced the incidence of PONV over 48 hours postoperatively. In this study, we equalized the volume of solution intraoperatively administered to the patients; therefore, the effect of the solution on PONV seems to be similar between the two groups. However, there might be a difference between the volume of solution given to patients during fasting periods prior to surgery and the postoperative period.

Laparoscopic gynecologic surgery, mastoidectomy with tympanoplasty, thyroidectomy, and other surgeries were included in this study. Otolaryngological surgery, or ENT surgery can increase the likelihood of PONV four-six fold compared to a reference group, and the incidence increases by three times for gynecological surgery, since the type of surgery affects the incidence of PONV \[[@B21]\]. This study has the limitation of various surgeries being performed, instead of one type of surgery. However, in terms of the type of surgery, no significant difference was found between the two groups; thus, it is postulated that it barely has an effect on assessing the efficacy of antiemetic drugs.

In conclusion, the combination therapy of palonosetron with dexamethasone and the monotherapy of palonosetron did not have any differences in patients with high risk factors for preventing postoperative nausea and vomiting.
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###### 

Characteristics of Patients
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Group P: Palonosetron 0.075mg, Group C: Palonosetron 0.075 mg and dexamethasone 4 mg. ^\*^Data are mean ± SD or number of patients.
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Rhodes Index of Nausea, Vomiting and Retching (RINVR)
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Total experience score: sum of all scores, total occurrence score: 1 + 4 + 6 + 7 + 8, total distress score: 2 + 3 + 5.

###### 

Incidences of Nausea, Vomiting, and Severity of Nausea during the First 24 Hours after Surgery
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Data are mean ± SD or number of patients (%). VAS: visual analogue scale. ^\*^VAS score for nausea (0: none, 100: the worst imaginable nausea).

###### 

Severity of Postoperative Nausea and Vomiting Based on the RINVR Scores during the First 24 Hours after Surgery
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Data are number of patients (%). The severity of PONV was assessed based on the experience scores of RINVR (Rhodes index of nausea, vomiting and retching) as follows. 1-8: mild, 9-16: moderate, 17-24: great, 25-32: severe.
